BELT, MAGNETIC ROLLER, METHOD FOR PRODUCING THEREOF, AND 
IMAGE FORMING APPARATUS USING THE SAME 



BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for producing a belt (for example, a 
fixing belt, a transferring belt, or the like) used for an image forming apparatus, and 
related arts thereof. In addition, the fixing belt is used as a part of a fixing unit, which 
heats a toner image and fixes it onto a recording medium in image forming apparatuses, 
such as an electrophotographic copying machine, facsimile machine, or printer. A 
transferring belt is used as a part of a transferring unit, which transfers a toner image 
formed on an image carrier to a recording medium. 

[0003] 2. Description of the Related Art 

[0004] The following describes a fixing belt used in an image forming apparatus. 
Conventionally, a thermal fixing method, in particular, a heat roller fixing method has 
been generally used as a fixing method. 

[0005] In the heat roller fixing method, a pair of rollers, which includes a heat roller 
and a rubber roller, are in press contact. By passing a recording medium, on which a 
toner image is formed, between these rollers, toner constituting the toner image is 
heated to melt, thereby the toner is fixed onto the recording medium. In the heat roller 
fixing method, since a temperature of the heat roller in its entirety is held at a 
predetermined temperature, it is adequate for high speed image forming, but on the 
other hand a waiting time after the apparatus is powered on is long. 
[0006] Recently, an endless belt fixing method has been proposed. In this method, 
toner on a recording medium is heated through a film-shaped endless belt. In this 
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fixing method, a temperature of a heat roller or the like rises to a predetermined 
temperature in a short time. In addition, a waiting time after power is turned on can be 
almost zero and power consumption is less. 

[0007] As disclosed in published Japanese Patent Application Laid-Open No. 
2002-202675, a fixing belt used for this fixing method preferably includes members 
from an outer layer side as follows: 

[0008] (1) a release layer, which includes fluoropolymers (for example, 4 fluoridation 
ethylene polymer (PTFE) and the like), positioned as an outermost layer, 
[0009] (2) an elastic layer (for example, silicone rubber or the like) positioned between 
the release layer and a supporting layer, 

[0010] (3) the supporting layer, which includes heat-resistant synthetic resins (for 
example, polyimide (PI) and the like), positioned as an innermost layer. 
[0011] The fixing belt is applicable also to a fixing unit in a full-color image forming 
apparatus, since the fixing belt can bring toner for a plurality of colors (for example, 
four colors) in a melted state. 

[0012] In addition, a desired adhesive layer is conventionally provided between the 
release layer and the elastic layer, and between the elastic layer and the supporting 
layer. These adhesive layers do not play an important role in the present invention, and 
therefore, description of the adhesive layers is omitted as far as it is not necessary. 
[0013] The following describes a conventional method for producing such a kind of 
fixing belt and a problem therein with reference to Figs. 18(a)-18(e) and Fig. 19. 
[0014] First, as shown in Fig. 18(a), a shaping die 1 with a predetermined shape of a 
die surface la is prepared. In Fig. 18(a), although the die surface la is illustrated as a 
flat plane for ease of explanation, the die surface la is conventionally a surface with a 
cylindrical shape. 

[0015] Next, as shown in Fig. 18(b), a release layer 2 containing fluoropolymers is 
applied on the die surface la, and is baked. 
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[0016] Subsequently, as shown in Fig. 18(c), an elastic layer 3 is applied onto an 
external surface of the release layer 2 (a surface opposite the die surface la as viewed 
from the release layer 2), and is baked. 

[0017] Consequently, as shown in Fig. 18(d), a supporting layer 4 is applied onto an 
external surface of the elastic layer 3 (a surface opposite the die surface la as viewed 
from the elastic layer 3), and is baked. 

[0018] When the supporting layer 4 is applied, the supporting layer 4 is often formed 
in an uneven thickness, as a thinner part 4a and a thicker part 4b shown in Fig. 18(d). 
[0019] If the supporting layer 4 with uneven thickness is baked, the following 
phenomenon occurs. 

[0020] When the supporting layer 4 is heated to be baked, supporting layer 4 
containing polyimide (PI) or the like begins to harden as a result of undergoing imide 
process. Polyimide contracts in this baking process. An amount of contraction in the 
thicker part 4b is larger than that in the thinner part 4a. 

[0021] In addition, the elastic layer 3 adjacent to the supporting layer 4 can be 
elastically deformed. Accordingly, the elastic layer 3 becomes unevenly deformed in 
parts in contact with the thinner part 4a and the thicker part 4b. 

[0022] Therefore, after baking, both surfaces of the supporting layer 4 in a fixing belt 5 
have an uneven surface as shown in Fig. 18(e). 

[0023] As shown in Fig. 19, when a recording medium (for example, paper or the like) 
9 with toner 8 transferred thereon, and the fixing belt 5 are nipped in a nip section 
between a fixing roller 6 and a press roller 7, uneven pressure is applied to the 
recording medium 9 depending on a place (whether it is the thicker part or the thinner 
part) of the supporting layer 4. Therefore, recording quality may deteriorate. 
[0024] Moreover, published Japanese Patent Application Laid-Open No. 2001-318546 
discloses art wherein a single heating layer is provided in the fixing belt. However, the 
art is not sufficient to cope with an adverse effect of the uneven thickness described 
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above. 

OBJECTS AND SUMMARY OF THE INVENTION 

[0025] It is an object of the present invention to provide a method for producing a belt 
that is capable of preventing deterioration in recording quality caused by uneven 
thickness, and related technologies thereof. 

[0026] A first aspect of the present invention provides a method for producing a belt 
for an image forming apparatus, the method comprising: applying a release layer 
containing fluoropolymers on a die surface of a shaping die; baking the release layer 
applied; applying an elastic layer over a surface of the release layer, the surface of the 
release layer being opposite the die surface as viewed from the release layer; baking 
the elastic layer applied; applying a supporting layer containing heat-resistant synthetic 
resin over a surface of the elastic layer, the surface of the elastic layer being opposite 
the die surface as viewed from the elastic layer; baking the supporting layer applied; 
removing unevenness of the supporting layer; and releasing the release layer, the 
elastic layer and the supporting layer from the die surface. 

[0027] According to the construction described above, the surface of the supporting 
layer opposite the die surface can be made flat by removing unevenness of the baked 
supporting layer. Accordingly, pressure unevenness applied by the belt is reduced, and 
it is possible to improve recording quality. Additionally, when the present construction 
is applied to a fixing belt, pressure unevenness applied by the fixing belt is reduced, 
and it is possible to improve recording quality. 

[0028] In addition, since unevenness in the supporting layer is removed before 
undergoing an imide process in the supporting layer, ununiformity in elastic 
deformation of the elastic layer is also reduced. Therefore, evenness in the belt is 
further secured. 

[0029] Here, in a construction according to prior art, a silicone rubber layer 
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(heat-resistant temperature of approximately 250 degrees Celsius) is formed, as an 
elastic layer, on an external surface of a polyimide tube as a supporting layer, and 
fluoropolymer is applied onto an external surface of the elastic layer as a release layer. 
However, since a heat resistance of the silicone rubber layer is low, it is impossible to 
bake the fluoropolymer at a temperature of approximately at least 380 degrees Celsius 
required for baking the fluoropolymer. 

[0030] On the other hand, in the construction according to the first aspect of the 
present invention, processes are reversed in order relative to the prior art. That is, an 
elastic layer is formed after a release layer is applied to a shaping die and is baked. 
Accordingly, in reverse of the prior art, the elastic layer is not hardened by heat, by 
which the release layer is baked. Moreover, since the die surface is in contact with the 
release layer, an excellent flat and smooth plane is obtained as compared with a release 
layer formed by a shaping free surface. 

[0031] In the description of the first aspect of the present invention, the sentence 
"applying an elastic layer over a surface of the release layer" means that the elastic 
layer is applied directly on the surface of the release layer or indirectly with a certain 
interlayer. The word "over" is used as such meaning in the present invention. 
[0032] A second aspect of the present invention provides an image forming apparatus 
comprising: an image carrier operable to retain a toner image; and a transferring belt 
operable to have transferred thereon the toner image formed on the image carrier, 
wherein the transferring belt comprises: a release layer containing a fluoropolymer 
and positioned as an outermost layer; a supporting layer containing heat-resistant 
synthetic resin and positioned as an innermost layer; and an elastic layer positioned 
between the release layer and the supporting layer, wherein the release layer has a 
higher coefficient of linear thermal expansion than the supporting layer. 
[0033] According to the construction described above, it is possible to prevent a 
problem of perimeter difference caused by an order of layer forming, and a problem of 
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expansion and contraction when the supporting layer and the release layer of the belt 
are used inside out. Thereby, wrinkles, which appear in the release layer, can be 
reduced, resulting in that toner can be effectively removed. Furthermore, it is possible 
to obtain stable color registration by reducing speed variation according to surface 
unevenness, thereby resulting in improved recording quality. 

[0034] A third aspect of the present invention provides a fixing belt comprising: a 
release layer operable to work in contact with a recording medium; a laminate portion 
operable to work in contact with a magnetic roller; and an elastic layer positioned 
between the release layer and the laminate portion, wherein the laminate portion 
includes a plurality of heating layers and a supporting layer, with the plurality of 
heating layers containing non-magnetic conductive metal and the supporting layer 
being operable to support the plurality of heating layers. 

[0035] According to the construction described above, since the plurality of heating 
layers are made including non-magnetic conductive metal, the heating layers do not 
hinder an alternating magnetic field produced in the magnetic roller. Thereby, it is 
possible to improve heating efficiency. 

[0036] Since a plurality of heating layers is provided, each heating layer generates heat 
simultaneously. Accordingly, it is possible to improve heating efficiency. Moreover, as 
compared with a single heating layer, each layer of the plurality of heating layers can 
be formed thinner by dividing a thickness of the heating layer in its entirety into a 
respective thickness of the plurality of heating layers. Therefore, resistance of each 
heating layer becomes relatively large, thereby generating more Joule heat. Thus, it is 
possible to improve heating efficiency. 

[0037] Even if the thickness of each heating layer varies point to point, a total 
thickness of the plurality of heating layers becomes rather uniform, thereby averaging 
or canceling out in each layer. Consequently, the fixing belt as a whole can generate 
heat evenly. 
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[0038] A fourth aspect of the present invention provides a fixing belt according to the 
third aspect or the present invention, wherein the heating layers are provided at a 
position closer to the recording medium than to the magnetic roller in the laminate 
portion. 

[0039] According to the construction described above, the plurality of heating layers 
are located closer to the recording medium to be heated, so that resistance against heat 
conduction between the heating layers and the recording medium can be reduced. 
Thereby, the recording medium can be efficiently heated. 

[0040] A fifth aspect of the present invention provides a fixing belt according to the 
third aspect of the present invention, wherein a layer of the plurality of heating layers 
is formed thinner than other heating layer(s), with the layer being located at a position 
closest to the recording medium. 

[0041] According to the construction described above, resistance of the heating layer 
located at the position closest to the recording medium is relatively larger than those of 
the other heating layer(s), so that the heating layer located at the position closest to the 
recording medium generates more Joule heat. Accordingly, a recording medium can be 
heated more efficiently. 

[0042] The above, and other objects, features and advantages of the present invention 
will become apparent from the following description read in conjunction with the 
accompanying drawings, in which like reference numerals designate the same 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] Fig. 1 is a sectional view of an image forming apparatus according to 
Embodiment 1 of the present invention; 

[0044] Fig. 2 is a sectional view of a fixing unit according to Embodiment 1 of the 
present invention; 
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[0045] Fig. 3 is a flowchart illustrating each process according to Embodiment 1 of the 
present invention; 

[0046] Figs. 4(a) to 4(f) are sectional views illustrating formation processes of 
respective layers according to Embodiment 1 of the present invention; 
[0047] Fig. 5 is a perspective diagram schematically showing a fixing belt producing 
apparatus according to Embodiment 1 of the present invention; 

[0048] Fig. 6 is a perspective diagram schematically showing a polishing apparatus 
according to Embodiment 1 of the present invention; 

[0049] Fig. 7 is a magnified sectional view of a nip section according to Embodiment 1 
of the present invention; 

[0050] Fig. 8 is a flowchart illustrating each process according to Embodiment 2 of the 
present invention; 

[0051] Figs. 9(a) to 9(e) are sectional views illustrating formation processes of 
respective layers according to Embodiment 2 of the present invention; 
[0052] Fig. 10 is a sectional view of an image forming apparatus according to 
Embodiment 3 of the present invention; 

[0053] Figs. 11(a) to 11(e) are sectional views illustrating formation processes of 
respective layers according to Embodiment 3 of the present invention; 
[0054] Fig. 12 is a sectional view of a fixing belt according to Embodiment 4 of the 
present invention; 

[0055] Fig. 13 is a diagram illustrating a heating process by a fixing belt according to 
Embodiment 4 of the present invention; 

[0056] Fig. 14 is a sectional view of a fixing belt according to Embodiment 5 of the 
present invention; 

[0057] Fig. 15 is a partial sectional view of a fixing belt according to Embodiment 5 of 
the present invention; 

[0058] Fig. 16 is a partial sectional view of a fixing belt according to Embodiment 5 of 
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the present invention; 

[0059] Fig. 17 is a sectional view of a fixing unit according to Embodiment 6 of the 
present invention; 

[0060] Figs. 18(a) to 18(e) are sectional views illustrating formation processes of 
respective layers in a prior art; and 

[0061] Fig. 19 is an enlarged sectional view of a prior art nip section. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0062] Hereinafter, a description is given of embodiments of the invention with 

reference to the accompanying drawings. 

[0063] Fig. 1 is a sectional view of an image forming apparatus according to one 
embodiment of the present invention. In Fig. 1, the same components as those in Fig. 
12 and Fig. 13 are attached with the same reference symbols or numerals and their 
descriptions are omitted. 

[0064] As shown in Fig. 1, an image forming apparatus 10 adopts an 
electrophotographic system, specifically, a tandem system. However, the present 
invention is not limited to an image forming apparatus in the tandem system, and can 
be applied to various image forming apparatuses with any number of developing 
portions, with or without a transferring belt. 

[0065] A transferring belt 11, which is formed endless, is wound around a driving 
roller 12 and a tension roller 13. The transferring belt 11 retains a developed toner 
image. The transferring belt travels in a direction of arrow Nl by rotation of the 
driving roller 12 and the tension roller 13 in a direction of arrow A. 
[0066] In an upper part side of the transferring belt 11, an image forming unit 28 
forming a black image, an image forming unit 29 forming a cyan image, an image 
forming unit 30 forming a magenta image, and an image forming unit 31 forming a 
yellow image thereon are provided in this order. 
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[0067] These image forming units 28 to 31 assume the same role except for their image 
colors. Hereinafter, primarily, the image forming unit 28 forming a black image will be 
described. 

[0068] A charging portion 33 in this image forming unit 28 uniformly charges a 
circumferential surface of a photoconductive drum 32 at a predetermined potential. 
[0069] An exposing portion 23 scans the circumferential surface of the 
photoconductive drum 32 with a scanning laser beam 24, and forms a latent image 
corresponding to a black component on the circumferential surface of the 
photoconductive drum 32. Similarly, also in the image forming units 29 to 31 of the 
other colors, the photoconductive drums are scanned by scanning laser beams 25 to 27 
from the exposing portion 23, and latent images corresponding to respective color 
components are formed. 

[0070] A developing portion 34 develops the latent image formed on the 
circumferential surface of the photoconductive drum 32. A transferring unit 35 
transfers a toner image, which is developed on the circumferential surface of the 
photoconductive drum 32, onto the transferring belt 11. 

[0071] A cleaner 36 removes residual toner, which remains on the circumferential 
surface of the photoconductive drum 32, after the toner image is transferred onto the 
transferring belt 1 1 . 

[0072] In addition, other toner images are sequentially transferred onto the transferring 
belt 11 by the image forming units 29 to 31 for respective components of cyan, 
magenta, and yellow. Then, a full-color toner image is formed on the transferring belt 
1 1 by registration of these four color components. 

[0073] Additionally, recording medium 9, such as recording paper, is accommodated 
in a paper feeding cassette 16. The recording medium 9 is fed forward on a conveying 
path 18 sheet by sheet by a pickup roller 17. 

[0074] A transferring roller 14 faces the driving roller 12. The transferring belt 1 1 and 
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the recording medium 9 conveyed through the conveying path 18 are nipped between 
the driving roller 12 and the transferring roller 14. A full-color toner image is 
transferred onto the recording medium 9 in one step by pressing the recording medium 
9 against the transferring belt 1 1 . 

[0075] After this one-step transferring process, the recording medium 9 is conveyed 
through the conveying path 18, and passes a nip section 22 in a fixing unit 19. The 
recording medium 9, with the full-color toner image (not fixed yet) transferred thereon 
in one-step, is nipped between a fixing roller 6 and a press roller 7 at high temperatures. 
When passing through the nip section 22, toner constituting the full-color toner image 
is melted and pressed. Consequently, the full-color toner image is fixed onto the 
recording medium 9. 

[0076] Next, the fixing unit 19 is described with reference to Fig. 2. Fig. 2 is a 
sectional view of a fixing unit according to one embodiment of the present invention. 
[0077] First, as shown in Fig. 2, the press roller 7 includes a cylindrical shape of core 
metal 7a, which is formed of metal with high heat conduction (for example, stainless 
steel, aluminum, or the like), and an elastic portion 7b, which covers a circumferential 
surface of the core metal 7a. The elastic portion 7b is formed of material with excellent 
heat resistance and with an excellent toner-releasing characteristic. 
[0078] The press roller 7 presses the fixing roller 6 via a fixing belt 5 in the nip section 
22. 

[0079] Additionally, in the present embodiment, an outer diameter of the press roller 7 
is approximately 30 mm, same as the fixing roller 6. A thickness of the elastic portion 
7b of the press roller 7 is approximately 2-5 mm so as to be thinner than a thickness 
of an elastic portion 6b of the fixing roller 6. A hardness of the press roller 7 is 
approximately 20 - 80 degrees (Asker C) so as to be harder than the fixing roller 6. 
[0080] Thereby, an action of toner-releasing can be improved at an exit of the nip 
section 22. 
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[0081] A heat roller 39 is formed in a cylindrical hollow shape (for example, outer 
diameter: 20mm, and wall thickness: 0.3mm) of a magnetic metal member. A thermal 
capacity of the heat roller 39 is low, thereby a temperature of the heat roller 39 quickly 
rises. 

[0082] The fixing roller 6 includes a cylindrical shape of core metal 6a, which is 
formed of metal (for example, stainless steel, or the like), and the elastic portion 6b, 
which covers a circumferential surface of this core metal 6a. This elastic portion 6b is 
formed of silicone solid rubber or silicone foam rubber with heat resistance. 
[0083] Additionally, in this embodiment, the outer diameter of the fixing roller 6 is 
approximately 30 mm, same as the heat roller 39. The thickness of elastic portion 6b is 
approximately 3 - 8 mm. A hardness of the elastic portion 6b is approximately 15-50 
degrees (Asker C). For this reason, in the nip section 22, a contact part with a 
predetermined width is formed between the fixing roller 6 and the press roller 7 by a 
thrusting pressure from the press roller 7. 

[0084] The press roller 39 is heated by an inductive heating portion 44 as described 
below. The fixing belt 5 is wound around the fixing roller 6 and the heat roller 39, and 
in contact with a circumference of the heat roller 39. 

[0085] Therefore, as the fixing roller 6 is rotated by a drive unit (not shown), the fixing 
belt 6 is rotated in a direction of arrow N2. An interior of the fixing belt 5 is 
continuously and entirely heated. 

[0086] The inductive heating portion 44 includes components as follows. A guide plate 
40 is formed in a half circular shape so as to surround the circumference of the heat 
roller 39. The guide plate 40 is positioned adjacent the heat roller 39. 
[0087] An exciting coil 41 is formed of one long exciting coil wire material 
surrounding alongside the guide plate 40 toward an axis of the heat roller 39. A 
surrounding length is the same length as a contact part between the fixing belt 5 and 
the heat roller 39. 
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[0088] Thus, the inductive heating portion 44 can effectively heat the heat roller 39 
with electromagnetic induction, and can obtain a maximum time in contact between the 
heat roller 39 generating heat, and the fixing belt 5. Accordingly, thermal conduction 
efficiency can be high. 

[0089] The exciting coil 41 is connected to a driving power supply (not shown) with a 
frequency-variable oscillating circuit, and is excited. 

[0090] A half circular shape of core 42, which is formed of a ferromagnetic substance, 
such as a ferrite, is positioned further outside of the exciting coil 41. This core 42 is 
fixed to a support member 43, and is supported at a position adjacent to the exciting 
coil 41. In this embodiment, a relative permeability of the core 42 is 2500. 
[0091] The driving power supply (not shown) supplies 10kHz to 1MHz of a high 
frequency alternating current, preferably 20kHz to 800kHz of a high frequency 
alternating current, to the exciting coil 41. Thereby, an alternating magnetic field is 
produced around the exciting coil 41. 

[0092] This alternating magnetic field acts on a heating layer of the heat roller 39 in an 
area and the vicinity of the area where the heat roller 39 and the fixing belt 5 are in 
contact. Then, an eddy current flows inside the heating layer, in a direction that the 
eddy current hinders a variation of the alternating magnetic field. 

[0093] Joule heat is generated by this eddy current and the electric resistance of the 
heat roller 39. Thus, heat roller 39 generates heat by electromagnetic induction. 
[0094] As shown in Fig. 2, a temperature sensor 45 such as a thermistor is in contact 
with an inner side of the fixing belt 5 in an area near a feed-in side of the nip section 22, 
and detects a temperature of the inner side of the fixing belt 5. 
[0095] (Embodiment 1) 

[0096] A method for producing a fixing belt according to Embodiment 1 of the present 
invention comprises: 

[0097] applying a release layer containing a fluoropolymer onto a die surface of a 
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shaping die; 

[0098] baking the release layer applied; 

[0099] applying an elastic layer over a surface of the release layer, the surface of the 
release layer being opposite the die surface as viewed from the release layer; 
[0100] baking the elastic layer applied; 

[0101] applying a supporting layer containing heat-resistant synthetic resin over a 

surface of the elastic layer, the surface of the elastic layer being opposite the die 

surface as viewed from the elastic layer; 

[0102] baking the supporting layer applied; 

[0103] removing unevenness of the supporting layer; and 

[0104] releasing the release layer, the elastic layer and the supporting layer from the 
die surface. 

[0105] Fig. 3 is a flowchart showing each process according to Embodiment 1 of the 
present invention. Figs. 4(a) to 4(f) are sectional views illustrating a forming process of 
the respective layers. In Figs. 4(a)-4(f), die surface la is illustrated, for convenience, as 
a flat plane as in Figs. 18(a)-18(e); however, the die surface la is actually a surface of a 
cylindrical shape. 

[0106] Each layer of the fixing belt 6 is described. First, release layer 2 is described. It 
is preferable that the fluoropolymer used for release layer 2 is at least one selected 
from the group including tetrafluoroethylene polymer (PTFE), 
tetrafluoroethylene-perfluoroalkoxyethylene copolymer (PFA), and fluoridation 
ethylene propylene copolymer (PFEP). 

[0107] In addition, it is preferable that a baking temperature of the release layer 2 is 
330 - 430 degrees Celsius. In this temperature range, the release layer 2 can be 
preferably formed, and degradation of the release layer 2 can be prevented. 
Additionally, it is preferable that thickness of the release layer 2 after baking is 5 - 50 
jim. In this thickness range, abrasion durability of the release layer 2 is excellent, and 
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surface hardness is high, and fracture of the release layer 2 can be prevented. In 
particular, it is more preferable that the range is 15-25 [im, 

[0108] A fixing belt including any of these fluoropolymers as the release layer 2 is 
excellent in terms of fixability, surface hardness, surface die-releasing, surface 
roughness, durability, and film thickness flexibility. Especially, the fixing belt is 
excellent in terms of toner-fixing, toner-releasing, and durability of the release layer 2. 
[0109] Conductive material, abrasion proof material, and material with high heat 
conductivity may be added as filler to the fluoropolymers if necessary. 
[0110] Next, elastic layer 3 is described. It is preferable that the elastic layer 3 is 
silicone rubber with JIS hardness Al - A80 degrees. In this JIS hardness range, 
strength and adhesiveness of the elastic layer 3 can be sufficient, thereby preventing 
poor fixing. Concretely, silicone rubber of a one-component system, two-component 
system, three-component system, or a greater number-component system, silicone 
rubber of an RTV type or an HTV type, silicone rubber of a condensation type, or 
addition type, or the like, can be used as this silicone rubber. 

[01 1 1] In addition, it is preferable that a baking temperature of the elastic layer 3 is 150 
- 300 degrees Celsius. In this temperature range, while a residue of a volatile 
component in the elastic layer 3, and a deficiency in strength can be prevented, 
degradation and hardening do not occur in the elastic layer 3. It is preferable that the 
thickness of the elastic layer 3 after baking is 30 - 1000 |xm. In this thickness range, 
while the elastic layer 3 has an elastic effect, a thermal insulation property can be kept 
low. Accordingly, an energy-saving effect can be high. In particular, it is more 
preferable that the range is 150 - 300 jim. 

[0112] Next, supporting layer 4 will be described. It is preferable that the supporting 
layer 4 is formed of heat-resistant synthetic resin. It is preferable that the heat-resistant 
synthetic resin is polyimide (PI) or polyamide imide (PAI). 

[01 13] It is preferable that a baking temperature of the supporting layer 4 is 150 - 300 
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degrees Celsius. In this temperature range, reduction in strength of the supporting layer 
4, and deterioration in the elastic layer 3 can be prevented. It is preferable that a 
thickness of the supporting layer 4 after baking is 50 - 200 [im. In this thickness range, 
while the supporting layer 4 has strength, abrasion durability and reduction in elasticity 
of the supporting layer is prevented and its thermal insulation property can be kept low. 
Accordingly, an energy-saving effect can be high. The supporting layer 4 will be 
polished to remove surface unevenness as described below. Therefore, the supporting 
layer 4 has additional thickness (for example, approximately 5-20 |im) for polishing. 
[0114] Next, a method for producing a fixing belt according to Embodiment 1 will be 
described. First, processes for applying, drying, and baking each layer are described 
with reference to Fig. 5, before each process is described with reference to Fig. 3 and 
Figs. 4(a)-4(f). Then, a process for polishing a supporting layer will be described with 
reference to Fig. 6. 

[0115] Fig. 5 is a perspective diagram schematically showing a fixing belt producing 
apparatus according to one embodiment of the present invention. 

[0116] As shown in Fig. 5, the producing apparatus has an applying stage at a near side, 
and a heater stage at a far side. Shaping die 1 travels through the applying stage and the 
heater stage along a travel path 50 in a direction of arrow N3, while rotating in a 
direction of arrow Rl by operating a rotating device (not shown). 

[0117] An applicator 52 is provided in the applying stage. The applicator 52 has a 
spray to apply resin vertically and downward onto a die surface la of the shaping die 1. 
This applied resin makes each layer on the die surface. The applicator 52 moves back 
and forth in a direction of arrow N4 by operation of a conveying device (not shown). 
Thereby, the applicator 52 applies resin evenly onto the die surface la. 
[0118] A heater 51 is provided in the heater stage. Heating conditions (time, 
temperature, and the like) of the heater 51 are set according to a predetermined profile. 
Accordingly, it is possible to dry or to bake each layer applied onto an outermost 
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circumference of die surface la. 

[0119] Fig. 6 is a perspective diagram schematically showing a polishing apparatus 
according to one embodiment of the present invention. As shown in Fig. 6, in this 
polishing apparatus, the shaping die 1 is supported in a rotatable manner similar to Fig. 
5. The shaping die 1 rotates in the direction of arrow Rl . 

[0120] Additionally, a first roller 53, a second roller 54, and a third roller 55 are 
deployed in a V-shape as viewed in a vertical section, so that their axes are parallel to a 
rotating axis of the shaping die 1. A file belt 56 is stretched by the first roller 53, the 
second roller 54, and the third roller 55, in this order as shown in Fig. 6. The file belt 
56 is approximately #400 and has at least one friction surface facing the die surface la. 
[0121] The second roller 54 is brought into contact with the supporting layer 4 
positioned at the outermost circumference of the die surface la, as shown by arrow N5. 
While the shaping die 1 rotates in the direction of the arrow Rl, a part of the file belt 
56, a part surrounding the second roller 54, travels in an axial direction of the shaping 
die 1, thereby polishing a perimeter part of the supporting layer 4. According to 
research by the inventors of the present invention, a maximum unevenness of the 
supporting layer 4 was approximately 5 - 8 [\m before polishing. Therefore, polishing 
the supporting layer 4 by a thickness of approximately 10 jim was found sufficient in 
order to eliminate the unevenness. 

[0122] The above values are only illustrative and the present invention is not 
specifically limited to these values. 

[0123] Moreover, in order to refresh the friction surface of the file belt 56, what is 
required is to only convey the file belt 56 by a predetermined amount in a direction of 
arrow N6. 

[0124] Based on the explanation provided above, each process of the method for 
producing the fixing belt 5 according to Embodiment 1 is described, with reference to 
Fig. 3 and Figs. 4(a)-4(f). 
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[0125] First, in step 1 of Fig. 3, a shaping die 1 with a predetermined shape of die 
surface la is prepared as shown in Fig. 4(a). In Figs. 4(a)-4(f), although the die surface 
la is illustrated as a flat plane, the die surface la of the embodiment is actually a 
surface of a cylindrical shape, which is a convex shape facing downward. 
[0126] Next, in step 2 of Fig. 3, a release layer 2 containing a fluoropolymer is applied 
onto the die surface la, as shown in Fig. 4(b). This application is performed at the 
applying stage of Fig. 5. 

[0127] In step 3 of Fig. 3, the shaping die 1 is conveyed to the heater stage from the 
applying stage, and is heated by the heater 51, and applied release layer 2 is baked. 
[0128] Next, in step 4 of Fig. 3, the shaping die 1 is returned to the applying stage from 
the heater stage, and an elastic layer 3 is applied onto an external surface of the release 
layer 2 (surface opposite the die surface la as viewed from the release layer 2), as 
shown in Fig. 4(c). 

[0129] Subsequently, in step 5 of Fig. 3, the shaping die 1 is conveyed to the heater 
stage from the applying stage, and is heated by the heater 51, and applied elastic layer 
3 is baked. 

[0130] In step 6 of Fig. 3, the shaping die 1 is returned to the applying stage from the 
heater stage, and a supporting layer 4 is applied onto an external surface of the elastic 
layer 3 (surface opposite the die surface la as viewed from the elastic layer 3), as 
shown in Fig. 4(d). 

[0131] In step 7 of Fig. 3, the shaping die 1 is conveyed to the heater stage from the 
applying stage, and is heated by the heater 51, and applied supporting layer 4 is baked. 
[0132] As described in the background art, when supporting layer 4 is applied, the 
supporting layer 4 is often formed in an uneven thickness, with a thinner part 4a and a 
thicker part 4b as shown in Fig. 4(d). When the supporting layer 4 with uneven 
thickness is baked as it is, a resulting fixing belt has unevenness. 

[0133] Therefore, in step 8 of Fig. 3, an outermost circumference of supporting layer 4 
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is polished, as shown in Fig. 4(f), to remove an appropriate amount by using the 
polishing apparatus of Fig. 6. Thereby, the unevenness is removed, and fixing belt 5 
has a smooth external surface. 

[0134] As shown in Fig. 7, when the recording medium 9 (for example, paper, or the 
like), on which toner 8 is transferred, and the fixing belt 5 is nipped between the fixing 
roller 6 and the press roller 7 in the nip section, uniform pressure acts on the recording 
medium 9 by the fixing belt 5 with excellent evenness. Therefore, it becomes possible 
to obtain high recording quality. 

[0135] Then, in step 9 of Fig. 3, the fixing belt 5 is released from the die surface la. In 
step 10 of Fig. 3, the fixing belt 5 is turned inside out. 

[0136] In this embodiment, the unevenness of the supporting layer 4 is removed by 
polishing the supporting layer 4. 

[0137] In this construction, the unevenness of the supporting layer 4 can be removed 
easily without hindering an applying process and baking process of respective layers 2 
and 3. 

[0138] In this embodiment, during or after releasing the release layer 2, the elastic 
layer 3 and the supporting layer 4 from the die surface la, the method includes a step 
of turning the release layer 2, the elastic layer 3 and the supporting layer 4 inside out as 
one body. 

[0139] Turning these layers inside out can provide an effect that wrinkles of 
unevenness on the release layer 2 are reduced. That is, while the release layer 2 is 
formed at a side closer to the die surface la than the supporting layer 4 initially, the 
release layer 2 is pulled in a circumferential direction after the belt is turned inside out. 
Accordingly, wrinkles of unevenness on the release layer 2 can be made smaller. 
[0140] In this embodiment, the fluoropolymer is at least one selected from the group 
including tetrafluoroethylene polymer (PTFE), tetrafluoroethylene-perfluoroalkoxyethylene 
copolymer (PF A), and fluoridation ethylene propylene copolymer (PFEP). 
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[0141] In this construction, a toner-releasing characteristic is preferably maintained. 

[0142] In this embodiment, the heat-resistant synthetic resin is at least one selected 

from the group including polyimide (PI) and polyamide imide (PAI). 

[0143] In this construction, it is possible to provide supporting layer 4 that has 

excellent strength, heat resistance and cost advantage. 

[0144] (Embodiment 2) 

[0145] A method for producing a fixing belt according to Embodiment 2 of the present 
invention comprises: 

[0146] applying a release layer containing a fluoropolymer onto a die surface of a 
shaping die; 

[0147] baking the release layer applied; 

[0148] applying an elastic layer over a surface of the release layer, the surface of the 
release layer being opposite the die surface as viewed from the release layer; 
[0149] baking the elastic layer applied; 

[0150] applying a supporting layer containing heat-resistant synthetic resin over a 

surface of the elastic layer, the surface of the elastic layer being opposite the die 

surface as viewed from the elastic layer; 

[0151] drying the supporting layer applied; 

[0152] removing unevenness of this dried supporting layer; 

[0153] baking the supporting layer; and 

[0154] releasing the release layer, the elastic layer and the supporting layer from the 
die surface. 

[0155] Hereinafter, in this embodiment, the difference between this embodiment and 
Embodiment 1 will be mainly described. Next, a method for producing fixing belt 5 
according to Embodiment 2 will be described with reference to Fig. 8 and Figs. 
9(a)-9(e). 

[0156] First, in step 11 of Fig. 8, a shaping die 1 with a predetermined shape of die 
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surface la is prepared, as shown in Fig. 9(a). 

[0157] Next, in step 12 of Fig. 8, a release layer 2 containing a fluoropolymer is 
applied onto the die surface la, as shown in Fig. 9(b). This application is performed at 
the applying stage of Fig. 5. 

[0158] Then, in step 13 of Fig. 8, the shaping die 1 is conveyed to the heater stage of 
Fig. 5 from the applying stage, and is heated by the heater 51, and applied release layer 
2 is baked. 

[0159] Next, in step 14 of Fig. 8, the shaping die 1 is returned to the applying stage 
from the heater stage as shown in Fig. 9(c), an elastic layer 3 is applied onto external 
surface of the release layer 2 (the surface opposite the die surface la as viewed from 
the release layer 2). 

[0160] Then, in step 15 of Fig. 8, the shaping die 1 is conveyed to the heater stage from 
the applying stage, and is heated by the heater 51, and applied elastic layer 3 is baked. 
[0161] Furthermore, in step 16 of Fig. 8, the shaping die 1 is returned to the applying 
stage from the heater stage as shown in Fig. 9(d), and a supporting layer 4 is applied 
onto an external surface of the elastic layer 3 (the surface opposite the die surface la as 
viewed from the elastic layer 3). 

[0162] The above processes are similar to those of Embodiment 1. However, in this 
embodiment, subsequent processes are different. 

[0163] In step 17 of Fig. 8, the shaping die 1 is conveyed to the heater stage from the 
applying stage, and is heated by the heater 51, and applied supporting layer 4 is dried. 
This drying process can be preformed for 10 to 15 minutes at 200 degrees Celsius as a 
heating condition by the heater 51, for example. 

[0164] Next, in step 18 of Fig. 8, an outermost circumference of supporting layer 4 is 
polished, as shown in Fig. 9(e), to remove an appropriate amount by using the 
polishing apparatus of Fig. 6. Accordingly, the above unevenness is removed, and the 
fixing belt 5 has a smooth external surface. 
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[0165] Then, in step 19 of Fig. 8, the shaping die 1 is conveyed to the heater stage from 
the applying stage, and is heated by the heater 51, and polished supporting layer 4 is 
baked. 

[0166] Then, in step 20 of Fig. 8, the fixing belt 5 is released from the die surface la. 
The fixing belt 5 is turned inside out. Other processes are similar to those of 
Embodiment 1. 

[0167] In this embodiment, unevenness of the dried supporting layer is removed. 
Accordingly, the surface opposite the die surface of the supporting layer can be flat, 
and the unevenness of the dried supporting layer is removed before undergoing imide 
process in the supporting layer. Therefore, unevenness of the elastic deformation of an 
elastic layer is also reduced by reducing a variation in an amount of contraction when 
baking. Thus, evenness of the fixing belt is further secured. 
[0168] (Embodiment 3) 

[0169] In Embodiments 1 and 2, the present invention is applied to a fixing belt. 
However, the present invention is applicable also to a transferring belt as described 
below. 

[0170] Hereinafter, an image forming apparatus according to Embodiment 3 is 
described, with reference to Fig. 10 and Figs. 1 l(a)-l 1(e). Fig. 10 is a sectional view of 
an image forming apparatus according to Embodiment 3 of the present invention. 
[0171] The image forming apparatus in Fig. 10 is a tandem system of an image 
apparatus similar to Fig. 1 . However, the present invention is not limited to a tandem 
system of an image forming apparatus and can be applied to various image forming 
apparatuses, such as a monochrome image forming apparatus or an image forming 
apparatus using a surface sequential system. 

[0172] In this embodiment, the image forming apparatus can form an image for an A4 
size of medium (width, 197mm). An axis with a length 210 - 230 mm (a longitudinal 
direction is perpendicular to the paper in Fig. 10) is used except as otherwise noted. 
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Additionally, the same components as in Fig. 10 are attached with the same reference 
symbols or numerals as those of Fig. 1. 

[0173] In Fig. 10, a photoconductive drum 32 corresponds to a roll as an image carrier. 
The photoconductive drum 32, a charging portion 33, and a developing roller can be 
rollers with arbitrary diameters, respectively. In this Embodiment 3, their diameters are 
24mm, 12mm, and 20mm, respectively. 

[0174] The photoconductive drum 32 is an organic photoconductive drum (OPC) with 
a photosensitive layer with a thickness approximately 15-20 |im formed on an 
aluminum raw drum with a 0.8-mm thickness. An exposing portion 23 forms a latent 
image on the photoconductive drum 32 by scanning with a laser beam. In Fig. 10, 
although a laser optical system is described, an LED array head or the like can be used. 
[0175] The charging portion 33 is in contact with the photoconductive drum 32 at 
approximately 500 - 1000 g of pressure (a 210-mm width in an axial direction), and 
rotates in the same direction as the photoconductive drum 32. The charging portion 33 
includes a conductive elastic layer formed on a circumference of a metal axle. A 
surface of the photoconductive drum 32 is charged at a desired potential by applying 
voltage from the metal axle. 

[0176] In this embodiment, the charging portion 33 includes the elastic layer 
(resistance: 106 Q • cm, thickness: 3mm) formed on the metal axle with a diameter of 
6 mm. A direct voltage, an alternating voltage, or a superimposed voltage of a direct 
voltage and an alternating voltage can be used as applied voltage. Additionally, in this 
embodiment, the applied voltage is a direct voltage of 1000 V, and surface potential of 
the photoconductive drum 32 is approximately 500 V. 

[0177] Similar to Fig. 1, in order to form a full-color image, the same photoconductive 
drums 32 and the same members provided adjacent them corresponding to yellow, 
magenta, cyan, and black toner can be used. 

[0178] Next, a transfer portion is described. In Fig. 10, a transferring belt 11 is an 
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endless type without a joint. Details of a method for producing the transferring belt 1 1 
are described later. The transferring belt 11 is stretched by a driving roller 12 and a 
tension roller 13. 

[0179] The driving roller 12 rotates the transferring belt 11. Metal such as aluminum 
and iron, metal plated by nickel, or the like, can be used as the driving roller 12. 
Furthermore, metal covered by rubber such as urethane and silicone with a high 
friction coefficient can also be used in order to prevent slipping on the transferring belt 
11. 

[0180] An outer diameter of a driving roller 12 is fl6mm in this embodiment. This 
outer diameter is nearly one third of an interval (in this embodiment, 45mm) among the 
photoconductive drums 32 corresponding to respective colors (yellow, magenta, cyan, 
and black). 

[0181] A spring (not shown) or the like thrusts the tension roller 13 and provides a 
tension (for example, approximately 100 N) to the transferring belt 11. While the 
transferring belt 1 1 does not act in relation to image forming, the tension roller 13 may 
not provide tension. Moreover, in this embodiment, the tension roller 13 is grounded 
electrically. 

[0182] First transferring rollers 74 are provided so as to face the photoconductive 
drums 32 corresponding to the respective colors (yellow, magenta, cyan, and black) via 
the transferring belt 11. In this embodiment, a positional relationship between the 
photoconductive drums 32 and the first transferring rollers 74 is predetermined so that 
a center of each photoconductive drum 32 and a center of each first transferring roller 
74 are located at the same position in traveling direction of the transferring belt 11. 
However, their locations are not specifically limited. For example, the center of first 
transferring roller 74 may be displaced by several mm downstream in the traveling 
direction. 

[0183] The first transferring roller 74 of this embodiment includes a sponge layer 
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(polyurethane foam rubber with 3-mm thickness and 25 hardness (Asker C)) on a 
surface of a metal axle (6 mm in diameter) in this embodiment. Then, a pressure of 300 
g (a 210-mm width in an axial direction) toward the photoconductive drum 32 is 
applied to both ends of the first transferring roller 74 with an outer diameter of 12 mm. 
Thereby, the first transferring roller 74 presses the photoconductive drum 32 through 
the transferring belt 1 1 . 

[0184] In this embodiment, when a voltage of 1000V is applied, resistance is 5 x 10 3 Q. 
As a matter of course, the resistance is not specifically limited, and can be 1 x 10 8 Q or 
less, for example. In addition, when the center of the first transferring roller 74 is 
displaced downstream in the traveling direction of the transferring belt 1 1 with respect 
to the center of the photoconductive drum 32, the first transferring roller 74 may be 
made only from a metal axle (without a sponge layer). 

[0185] Each first transferring roller 74 is connected to a first transfer power supply 75. 
In this embodiment, the first transferring rollers 74 corresponding to four colors are 
connected to the first transfer power supply 75 as a common power supply. Each of the 
first transferring rollers may be connected to an individual power supply corresponding 
to each color. Moreover, a resistor with different resistance corresponding to the 
respective colors may be inserted between the first transfer power supply 75 and the 
first transferring roller 74. 

[0186] In this embodiment, a constant voltage system outputting constant voltage is 
used for the first transfer power supply 75. It is not specifically limited, and a constant 
current system outputting constant current or a mixed power supply (constant 
current-constant voltage) with a feedback control may also be used. 
[0187] A second transferring roller 76 transfers a toner image (monochrome or a 
plurality of colors) on the transferring belt 1 1 to a recording medium (a second image 
carrier) 9. The second transferring roller 76 is connected to a second transfer power 
supply 77. A power supply similar to the first transfer power supply 75 can be used for 
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the second transfer power supply 77. 

[0188] In addition, the voltage/current applied to the second transferring roller 76 can 
be determined based on current flowing through the tension roller 13, while the 
recording medium 9 does not pass. 

[0189] A roller similar to the first transferring roller 74 can be used for the second 
transferring roller 76. In this embodiment, the second transferring roller 76 includes a 
sponge layer (including a foam sponge, such as urethane with a thickness of 5mm, 
hardness (Asker C) 45 degrees) formed on a metal axle (fl2mm), and has an outer 
diameter of 22 mm. Its hardness is not specifically limited. The hardness may be 60 
degrees or less according to the JIS hardness A scale. 

[0190] Moreover, in this embodiment, both ends of a transferring belt 11 are pressed 
with a force of 15 N per one side. The second transferring roller 76 can include the 
above sponge layer. Moreover, a covering layer may be provided on a surface of the 
sponge layer. When a voltage of 1000V is applied, resistance is 5 x 10 Q, but the 
resistance is not specifically limited. The resistance may be 1 * 10 to 1 x 10 Q. 
[0191] A paper-inserting guide 81 is composed of a metal member, and leads the 
recording medium 9 toward a position between the second transferring roller 76 and 
the transferring belt 11, and is grounded directly, or is grounded via a resistance 
element. 

[0192] A timing roller 82 temporally retains the recording medium 9 conveyed from a 
paper tray (not shown), and resumes forwarding the recording medium 9 to adjust a tip 
portion of an image to a tip of the recording medium 9. The timing roller 82 is directly 
grounded or is grounded via a resistance element. 

[0193] A cleaning blade 79 is a cleaning unit for removing toner that remains on the 
transferring belt 1 1. A cleaning supporting roller 80 is a supporting unit for supporting 
a tip edge portion of the cleaning blade 79 through the transferring belt 11. 
[0194] A single layer rubber such as urethane with JIS hardness A 50 to 90 degrees, or 
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a laminated rubber formed of a plurality of rubber layers with different hardness are 
used for the cleaning blade 79. In this embodiment, a free-end length of the cleaning 
blade 79 is 8 mm, and a thickness is 1.6 mm. The cleaning blade 79 is positioned at an 
angle 10±5° relative to a longitudinal surface of the transferring belt 1 1. In the cleaning 
blade 79, a ratio of the free-end length to the thickness is preferably 4 to 6. 
Furthermore, it is preferable that Young's modulus of the cleaning blade 79 is 40 to 
100 kgf/cm 2 . 

[0195] In this embodiment, a metal shaft with f 10 is used as the cleaning support roller 
80. The cleaning blade 79 thrusts the transferring belt 11 at 20 gf?cm. An effective 
range of the thrust is 10 to 30 gl7cm. An intrusion depth is 1mm. Its preferable range is 
0.3 mm to 2.5 mm. 

[0196] In addition, it is preferable that a surface roughness of the supporting layer in 
the transferring belt 11 is 10 - 20 |iin in ten-point average surface roughness. It is 
preferable that the surface roughness of the supporting layer is less than that of the 
cleaning support roller 80. It is more preferable that the surface roughness of the 
supporting layer is approximately 5-15 |xm. 

[0197] When the surface roughness is in the range mentioned above, rigidity of the 
cleaning support roller 80 is larger than rigidity of the transferring belt 11. Since the 
transferring belt 1 1 conforms with unevenness of a surface of the cleaning support 
roller 80, wrinkles do not appear in a surface of the release layer. Therefore, a cleaning 
characteristic is made preferable. Especially, a cleaning characteristic for an external 
additive agent added in toner is improved. Therefore, it is preferable. 
[0198] On the other hand, when the surface roughness of the supporting layer of the 
transferring belt 1 1 is larger than the surface roughness of the cleaning support roller 
80, unevenness of the supporting layer of the transferring belt 1 1 is not cancelled. 
Wrinkles appear in the surface of the release layer. Therefore, the cleaning 
characteristic deteriorates. 
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[0199] In addition, a surface roughness of the first transferring roller 74, which 
supports the transferring belt 11, is made smaller than a surface roughness of the 
driving roller 12 or the tension roller 13. Thereby, the transferring belt 11 is in closer 
contact with the driving roller 12 and the tension roller 13. Therefore, the transferring 
belt 1 1 travels stably. 

[0200] Furthermore, since the transferring belt 11 is in closer contact with the rollers 
12 and 13, neither toner nor its additive agent enters therebetween. Thus, the 
transferring belt 1 1 can travel stably for a long time. 

[0201] Since the belt is produced with a first step of forming the release layer in this 
embodiment, the supporting layer can be polished for finishing. 

[0202] In a conventional method, the belt is produced with a first step of forming the 
supporting layer. In order to control surface roughness, high accuracy is required for a 
surface roughness of a die. Maintenance against flaws or the like is necessary. This 
increases cost. 

[0203] On the other hand, in this embodiment, when surface roughness is controlled by 
polishing the supporting layer during a polishing process for finishing, such 
maintenance and costs as described above are not necessary. If the release layer or the 
elastic layer is improperly formed, the polishing process may be stopped from 
advancing. Therefore, it is possible to improve yield. 

[0204] Next, operation of the image forming apparatus in Fig. 10 will be described. 
[0205] In a case of a tandem system, an image forming process is performed similarly 
for each color. In a case of yellow as an example, first, the surface of the 
photoconductive drum 32 is charged uniformly by the charging portion 33. Then, the 
exposing portion 23 scans the surface of the photoconductive drum 32, and forms an 
electrostatic latent image based on an image signal. Next, charged toner is supplied to 
the photoconductive drum 32 from the developing portion 34, and the electrostatic 
latent image is developed, as a toner image. 
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[0206] A voltage (+400 to 1200 V) opposite in polarity (positive in this embodiment) 
to a charged polarity (negative in this embodiment) of toner is applied by the first 
transfer power supply 75 through the first transferring roller 74, which presses from a 
back of the transferring belt 1 1 . Accordingly, the toner image is transferred onto the 
transferring belt 1 1 . 

[0207] In a tandem system, such an image forming process is performed for every 
color, and the toner image of each color is superposed successively on the transferring 
belt 11. On the other hand, while the timing roller 82 controls timing for forwarding 
the recording medium 9 so as to adjust a tip portion of the image to the tip of the 
recording medium 9, the timing roller 82 forwards the recording medium 9 at a timing 
for forwarding, and then the recording medium 9 is forwarded via the leading guide 81, 
and is in pressed contact with the transferring belt 1 1 . 

[0208] Thereby, the image superposed on the transferring belt 1 1 is transferred onto 
the recording medium 9 in one-step. In this case, a voltage (+1500 to 2000V) opposite 
in polarity to the charged polarity of toner is applied to the second transferring roller 76 
from the second transfer power supply 77 for electrostatic transfer. 
[0209] The cleaning blade 79 scrapes toner that remains on the transferring belt 1 1 
without being transferred onto the recording medium 9. A part of the toner, which is 
scraped from the transferring belts 1 1, is used for a next image forming process. 
[0210] A method for producing the transferring belt according to Embodiment 3 of the 
present invention is basically the same as described in the method of Embodiment 1 
and Embodiment 2. This producing method of this embodiment and required 
characteristics for the transferring belt are described as follows. 

[021 1] A method for producing a fixing belt according to Embodiment 3 of the present 
invention comprises: 

[0212] applying a release layer containing a fluoropolymer onto a die surface of a 
shaping die; 
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[0213] baking the release layer applied; 

[0214] applying an elastic layer over a surface of the release layer, the surface of the 
release layer being opposite the die surface as viewed from the release layer; 
[0215] baking the elastic layer applied; 

[0216] applying a supporting layer containing heat-resistant synthetic resin over a 

surface of the elastic layer, the surface of the elastic layer being opposite the die 

surface as viewed from the elastic layer; 

[0217] baking the supporting layer applied; 

[0218] removing unevenness of the baked supporting layer; and 

[0219] releasing the release layer, the elastic layer and the supporting layer from the 
die surface. 

[0220] Each process in the method for producing the transferring belt will be described. 
In Figs. 1 1(a)- 1 1(e), the same components as those of Figs. 4(a)-4(f) are attached with 
the same reference symbols or numerals. 

[0221] First, each layer, which composes the transferring belt 11, is described, with 
reference to Figs. 1 l(a)-l 1(e). It is preferable that the fluoropolymer used for a release 
layer 2 is at least one selected from the group including tetrafluoroethylene polymer 
(FIFE), tetrafluoroethylene-perfluoroalkoxyethylene copolymer (PFA), and fluoridation 
ethylene propylene copolymer (PFEP). 

[0222] In addition, it is preferable that a baking temperature of the release layer 2 is 
330 - 430 degrees Celsius. In this temperature range, the release layer 2 can be 
preferably formed, and degradation of the release layer 2 can be prevented. 
Additionally, it is preferable that thickness of the release layer 2 is 5 - 50 ^im. In this 
thickness range, abrasion durability of the release layer 2 is preferable, and a removing 
effect can be maintained for a long time, and fracture of the release layer 2 can be 
prevented. In particular, it is more preferable that the range is 10-25 \im. 
[0223] A conductive agent, a wear resistance agent, and the like can also be added to 
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this release layer 2, if necessary. Carbon black, an ionic conductive agent, conductive 
resin, or the like can be used as the conducting agent. Concretely, titanium oxide, tin 
oxide, barium sulfate, aluminum oxide, titanic acid strontium, magnesium oxide, a 
silicon oxide, carbonic acid silicon, silicon nitride, or the like can be used as 
conductive inorganic particles. Carbon surface treatment and the like can be performed 
thereto, if necessary. Ammonium salt, alkyl sulfonate salt, phosphoric acid ester, or the 
like can be used as ionic conductive agents. In addition, polyvinylaniline, 
polyvinyl pyrrole, fourth-grade ammonium salt, or the like can be used, as a conductive 
resin. 

[0224] The material is not specifically limited to ones described above. However, it is 
preferable to use conductive inorganic particles with respect to conductivity control. It 
is preferable that surface resistance of the transferring belt 1 1 of this embodiment is 
109 - 1016 fi/cm (measured at 10 seconds after applying 500 V, by an HRS probe 
(inner diameter ring f6 mm, outer diameter ring 18 mm) of the Hiresta IP, Mitsubishi 
Petrochemical Corporation), and it is more preferable that the surface resistance of the 
transferring belt 1 1 is 101 1 - 1012 Q/cm. 

[0225] In addition, it is preferable that the elastic layer 3 is formed of silicone rubber 
with JIS hardness A of 1 to 80 degrees. In this JIS hardness A range, reduction in 
strength and poor adhesiveness of the elastic layer 3 can be prevented. A thickness is 
preferably 30 - 1000 jim, and more preferably 100 - 400 jwn. In this thickness range, 
when toner image is transferred from the photoconductive drum 32 onto the 
transferring belt 11, image defects, such as so-called "defect of hollow image," which 
is insufficient transferring in a fine line, can be prevented. 

[0226] Here, when there are partial long lines of toner image in a sub-scanning 
direction, the transferring belt 11 is in contact only with toner image parts and is not in 
contact with other parts. When this phenomenon occurs, a hollow image appears. In 
greater detail, a reason for this phenomenon is that pressure of the first transferring 
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roller 74 is collectively applied only to the toner image parts in the transferring belt 11. 
[0227] In this embodiment, since the elastic layer 3 is formed in a transferring belt 1 1, 
the transferring belt 1 1 deforms flexibly. A pressure of the first transferring roller 74 is 
also applied to parts other than the toner image parts in the transferring belt 1 1, and the 
above collectively applied pressure can be reduced. Thereby, defect of hollow image 
can be reduced. Furthermore, in order to adjust resistance, a conductive agent can also 
be added in the elastic layer 3, if necessary. The same agents as the release layer 2 can 
be used for the conductive agent to be added. 

[0228] It is preferable that the supporting layer 4 is heat-resistant synthetic resin. It is 
preferable that heat-resistant synthetic resin is polyimide (PI) or polyamide imide 
(PAI). 

[0229] In addition, it is preferable that a baking temperature of the supporting layer is 
150 - 300 degrees Celsius. In this temperature range, reduction in strength of the 
supporting layer 4 cannot occur, and deterioration in the elastic layer 3 can be 
prevented. Additionally, it is preferable that thickness of the supporting layer 4 after 
baking is 50 - 200 jam. In this thickness range, while strength and wear resistance of 
the supporting layer 4 can be kept sufficient, reduction in its flexibility cannot occur. 
[0230] The transferring belt 11 is stretched for use around a plurality of axles (a 
driving roller 12 and a tension roller 13). Therefore, when the transferring belt 11 is 
left without being used for a long time, the transferring belt 11 may become 
abnormally deformed. Accordingly, the transferring belt 1 1 is not in normal contact 
with the axles. This causes defects such as slippage or colors being out of register. 
[0231] However, in the above range of the thickness of the supporting layer 4 after 
baking, such defects do not occur. In addition, the supporting layer 4 should have an 
additional thickness (for example, approximately 5-20 ^m) for polishing after baking 
as described below. Furthermore, in order to adjust resistance, a conductive agent can 
also be added in the supporting layer 4, if necessary. The same agents as the release 
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layer 2 can be used for the conductive agent to be added. 

[0232] It is preferable that a finished volume resistance of the transferring belt in its 
entirety is adjusted to 1 X 10 6 Q • cm to 1 X 10 10 Q • cm after the transferring belt 
1 1 is produced by the method mentioned above. It is more preferable that the volume 
resistance of the transferring belt 1 1 of this embodiment is 10 8 Q • cm to 10 9 Q - cm 
(measured at 10 seconds after applying 500 V, by an HRS probe (inner diameter ring 
f6 mm, outer diameter ring 18mm) of the Hiresta IP, Mitsubishi Petrochemical 
Corporation). 

[0233] In this volume resistance range, the transferring belt 1 1 can be repeatedly used, 
or can be used with stable performance under environmental change. If the resistance 
exceeds this resistance range, a charge is accumulated inside by a voltage applied at 
transferring. Accordingly, a predetermined voltage cannot be applied. Therefore, print 
quality deteriorates. 

[0234] On the other hand, if the resistance is less than this resistance range, a current 
applied at primary transferring leaks through a plurality of axles, which support the 
transferring belt 1 1 . Adequate transfer voltage cannot be retained; therefore, transfer 
efficiency reduces remarkably. 

[0235] Next, a method for producing the transferring belt according to Embodiment 3 
will be described with reference to Figs. ll(a)-ll(e). In addition, the producing 
apparatus in Fig. 5 and the polishing apparatus in Fig. 6 according to Embodiment 1 
can be used in each following process. 

[0236] First, as shown in Fig. 1 1(a), a shaping die 1 with a predetermined shape of die 
surface la is prepared. Additionally, in Fig. 11(a), although a die surface la is 
illustrated as a flat plane, the die surface la is actually a surface of a cylindrical shape, 
which is a convex shape facing downward. 

[0237] Next, as shown in Fig. 11(b), a release layer 2 containing a fluoropolymer is 
applied onto the die surface la by a spray downwardly facing in a vertical direction, 



33 



for example. 

[0238] Next, the shaping die 1 is heated for baking. Baking can be performed by 
maintaining a uniquely predetermined temperature in a predetermined time. In addition, 
baking may be performed following a profile for a temperature rising time previously 
set by a program. 

[0239] Next, as shown in Fig. 11(c), an elastic layer 3 is applied onto an external 
surface of the release layer 2. 

[0240] Next, the shaping die 1 is heated again and the elastic layer 3 is baked 
according to a predetermined manner and at a predetermined temperature. 
[0241] Then, as shown in Fig. 1 1(d), a supporting layer 4 is applied on the elastic layer 
3, and this applied supporting layer 4 is heated and baked. 

[0242] However, when applying the supporting layer 4, as shown in Fig. 11(d), a 
thinner part and a thicker part often appear. This causes unevenness in the transferring 
belt 1 1 after baking. 

[0243] A surface of the supporting layer 4 is polished with a file belt or the like by the 
polishing apparatus of Fig. 6 or the like in order to bring the surface to a state shown in 
Fig. 1 1(e). During polishing, the file belt is thrust onto the surface rotating at an axis as 
center of the shaping die. It is preferable that a file roughness is approximately #300 to 
#1000. This polishing process can be performed several times with file belts having 
different roughness. 

[0244] In this embodiment, a surface roughness of the supporting layer 4 finally 
obtained is 10 - 20 \im in a ten-point average surface roughness. Thus, the surface 
roughness of the transferring belt 1 1 can be smaller than surface roughness of the 
driving roller 12, and a surface roughness of the tension roller 13. Polishing the 
supporting layer 4 can be performed not only after baking the supporting layer 4 but 
also after drying the supporting layer 4 in the manner similar to Embodiment 1. 
[0245] Finally, the transferring belt 1 1 is released from the shaping die 1, and then, the 
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transferring belt 1 1 is turned inside out. 

[0246] In addition, in this embodiment, a coefficient of linear thermal expansion of a 
release layer 2 is 10 x 10-5 to 12 x 10-5 per degree Celsius, and coefficient of linear 
thermal expansion of the supporting layer 4 is approximately 5.4 x 10-5 per degree 
Celsius. 

[0247] When the transferring belt 1 1 is heated to approximately 200 degrees in Celsius 
and then is cooled to room temperature, against a width 200mm of the transferring belt 
11, the release layer 2 contracts approximately 4 mm and the supporting layer 4 
contracts approximately 2 mm (almost half of the release layer 2). Thus, when the 
release layer and the supporting layer have different coefficients of linear thermal 
expansion, a difference in inner diameters between the release layer 2 and the 
supporting layer 4 is canceled. Therefore, when a transferring belt 1 1 is turned inside 
out, wrinkles cannot appear on a surface of the transferring belt 11. 
[0248] The transferring belt 11 in this embodiment comprises a release layer 2 
containing a fluoropolymer and positioned as an outermost layer, a supporting layer 4 
containing heat-resistant synthetic resin and positioned as an innermost layer, and an 
elastic layer 3 positioned between the release layer 2 and the supporting layer 4, 
wherein unevenness of the supporting layer 4 is removed after the supporting layer 4 is 
dried or baked. 

[0249] In this construction, evenness of the transferring belt 1 1 is secured, and pressure 
unevenness can be reduced. 

[0250] In this embodiment, the apparatus further has a plurality of rollers 12, 13, 
which the transferring belt 1 1 is stretched around, wherein a surface roughness of the 
supporting layer 4 after polishing is smaller than those of the plurality of rollers 12, 
13, .... 

[0251] In this construction, the transferring belt 11 is high in contact with the plurality 
of rollers 12, 13, ... , which the transferring belt 11 is stretched around. Moreover, a 
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rotational speed variation caused by the unevenness of a transferring belt 1 1 is reduced. 
Therefore, a color registration can be stable, and a preferable image can be obtained. 
[0252] In this embodiment, the unevenness of the supporting layer 4 is removed after a 
baking process or a drying process. 

[0253] In this construction, by removing the unevenness of the supporting layer 4, the 
surface of the supporting layer 4 opposite from the die surface becomes flat. Therefore, 
pressure unevenness of the transferring belt 1 1 is reduced, and recording quality can be 
improved. 

[0254] In this embodiment, the apparatus further has a cleaning unit for removing toner 
that remains on the transferring belt 1 1 . The cleaning unit includes a cleaning blade 79 
with elasticity. 

[0255] In this construction, it is possible to prevent a problem caused by perimeter 
difference produced according to a forming order of the layers in the transferring belt 
11, and expansion and contraction induced when the supporting layer 4 and a release 
layer 2 are turned inside out. Wrinkles, which appear in the release layer 2, can be 
reduced. 

[0256] When the transferring belt 11 is just released from the shaping die la, a lowest 
layer is the release layer 2 and a top layer is the supporting layer 4. Moreover, the 
coefficient of linear thermal expansion of the release layer 2 is larger than that of the 
supporting layer 4. Wrinkles tend to be formed on the surface of the release layer 2 (the 
lowest layer). When released transferring belt 11 is turned inside out, the release layer 
2 located in the lowest layer becomes the top layer. That is, an inner diameter of the 
release layer 2 becomes smaller than an inner diameter of the supporting layer 4 after 
the transferring belt is turned inside out, and the surface of the release layer 2 is 
extended. Even if wrinkles appear on the surface of the release layer 2 as the release 
layer 2 is just released, wrinkles disappear after the transferring belt being turned 
inside out and the surface becomes flatter. 
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[0257] Furthermore, in order to remove the toner, which remains on the surface of the 
transferring belt 11, it is effective to remove it from the surface while pressing the 
cleaning blade 79 with elasticity. 

[0258] A plurality of external additive agents, which reduce aggregation of toner and 
control charging, are often used in a toner other than toner particles as main particles. 
Generally, an external additive agent is remarkably smaller than the toner particles. 
From this point of view, when the toner and the external additive agent on the 
transferring belt 11 are removed by the cleaning blade 79, it is preferable that the 
cleaning blade 79 deeply engages into the transferring belt 1 1, and that an edge of the 
cleaning blade 79 is in close contact with a surface layer of the transferring belt 1 1. It 
is effective to make a cleaning surface of the transferring belt 1 1 flat by removing 
unevenness of the supporting layer 4 in terms of improvement of cleaning 
performance. 

[0259] In this embodiment, the apparatus further comprises a supporting unit (cleaning 
support roller 80) supporting the cleaning blade 79. The transferring belt 1 1 is nipped 
between the cleaning unit and the supporting unit. 

[0260] In this construction using the transferring belt with fewer wrinkles and the blade 
unit, the toner and the external additive agent on the transferring belt 11 can be 
effectively removed. In addition, the transferring belt is nipped between the cleaning 
blade 70 and the supporting unit. Therefore, the cleaning blade 79 is in close contact 
with the surface layer of the transferring belt 1 1, and removal performance of the toner 
or the external additive agent can be improved. In this case, unevenness in the surface 
layer (or the release layer) and the supporting layer of the transferring belt 11, should 
be reduced to be as small as possible. 
[0261] (Embodiment 4) 

[0262] This embodiment relates to technology for providing a plurality of heating 
layers in fixing belt 5. An image forming apparatus with this fixing belt 5 is similar to 
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Embodiment 1. 

[0263] With reference to Fig. 12, each layer in Embodiment 4 which composes the 
fixing belt 5 is described from a recording medium 9 side to a magnetic roller 39 side. 
[0264] First, a release layer 61 is located at a side closest to the recording medium 9 
side (upper side in Fig. 12) in the fixing belt 5, and is in contact with the recording 
medium 9. 

[0265] It is preferable that a fluoropolymer used for the release layer 61 is at least one 
selected from the group including tetrafluoroethylene polymer (PTFE), 
tetrafluoroethylene-perfluoroalkoxyethylene copolymer (PFA), and fluoroethylene-propylene 
copolymer (PFEP). 

[0266] Moreover, it is preferable that a baking temperature of the release layer 61 is 
330 - 430 degrees Celsius. In this temperature range, the release layer 61 can be 
preferably formed, and degradation of the release layer 61 can be prevented. Moreover, 
as for thickness after baking of the release layer 61, it is preferable that it is 5 - 50 jam. 
In this thickness range, abrasion durability of the release layer 61 is preferable, and 
surface hardness is high, and a fracture of the release layer 61 can be prevented. In 
particular, a range of 15 - 25 jum is more preferable. A thickness is 20 |im in this 
example. 

[0267] A fixing belt including and of these fluoropolymers as the release layer 61 has 
preferable characteristics of fixability, surface hardness, surface die-releasing, surface 
roughness, durability, and film thickness flexibility. Especially, the fixing belt has 
excellent characteristics of toner-fixing, toner-releasing, and durability of the release 
layer 61. 

[0268] Additionally, conductive material, abrasion resistance material, and material 
with high heat conductivity may be added as filler to the fluoropolymers, if necessary. 
[0269] A thin primer layer 62 is formed of fluoride rubber or the like. 
[0270] It is preferable that an elastic layer 63 is silicone rubber with JIS hardness Al - 
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A80 degrees. In this JIS hardness range, while strength and adhesiveness of the elastic 
layer 63 can be sufficient, poor fixion can be prevented. Concretely, silicone rubber of 
one-component system, two-component system, three-component system, or a greater 
number-component system, silicone rubber of an RTV type or an HTV type, silicone 
rubber of a condensation type, or an additional type, or the like, can be used as this 
silicone rubber. 

[0271] In addition, it is preferable that a baking temperature of the elastic layer 63 is 
150 - 300 degrees Celsius. In this temperature range, while residue of a volatile 
component in the elastic layer 63, and shortage of strength can be prevented, 
degradation and hardening do not occur in the elastic layer 63. Additionally, it is 
preferable that thickness of the elastic layer 63 after baking is 30 - 1000 ^m. In this 
thickness range, while the elastic layer 63 has an elastic effect, a thermal insulation 
property can be kept low. Accordingly, an energy-saving effect can be high. In 
particular, a range of 100 - 300 (xm is more preferable. The thickness is 1 15 jim in this 
example. 

[0272] Moreover, a primer layer 64 is formed of a coupling agent, fluoride rubber, and 
the like. 

[0273] Then, a laminate portion 72, which is laminated by a supporting layer and a 
heating layer alternately, is located at a side closer to the magnetic roller 39 side than 
the primer layer 64. A lowest surface of the laminate portion 72 in Fig. 12 is in contact 
with the magnetic roller 39. 

[0274] A heating layer is formed of polyimide (PI) containing foil pieces of 
non-magnetic conductive metal (silver in this embodiment). In terms of production, it 
is preferable that the heating layer includes two to five layers. In this embodiment, the 
heating layer includes three layers of a first heating layer 66, a second heating layer 68, 
and a third heating layer 70. 

[0275] Then, as shown in Fig. 12, in this embodiment, the first heating layer 66, the 
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second heating layer 68, and the third heating layer 70 have the same thin thickness (tl 
= t2 = t3 = 15 jim). The first heating layer 66, the second heating layer 68, and the third 
heating layer 70 are not equally distributed in the laminate portion 72, and are 
unevenly distributed in order to be closer to the recording-medium 9 side. Thus, a 
distance to the recording medium 9 can be made small to improve thermal conductivity 
for the recording medium 9. 

[0276] For this reason, in the supporting layer, thicknesses of a first supporting layer 
65, a second supporting layer 67, a third supporting layer 69, and a fourth supporting 
layer 71 are 15 |im, 10 |im, 10 jim, and 40 jxm, respectively. 

[0277] As a matter of course, the above thickness is only an example, and the present 

invention is not specifically limited to the thickness described above. 

[0278] Next, a heating operation of the fixing belt 5 is described with reference to Fig. 

13 in a case that a plurality of heating layers are provided in the fixing belt 5. When an 

inductive heating portion 44 is driven, an alternating magnetic field shown by arrows 

N7 in Fig. 1 3 is produced similarly in a case of a single heating layer. 

[0279] This alternating magnetic field passes through the first heating layer 66, the 

second heating layer 68, and the third heating layer 70. Accordingly, eddy currents as 

shown by arrows N8 flow in the first heating layer 66, the second heating layer 68, and 

the third heating layer 70, respectively. 

[0280] In addition, as compared to the single heating layer which unifies the first 
heating layer 66, the second heating layer 68, and the third heating layer 70 as one 
body, cross-sectional areas of the first heating layer 66, the second heating layer 68, 
and the third heating layer 70 are small, respectively. Therefore their resistance is 
larger. 

[0281] Since all of the first heating layer 66, the second heating layer 68, and the third 
heating layer 70 generate heat simultaneously, and their resistance is larger, generated 
Joule heat becomes larger. For this reason, heating efficiency of the fixing belt 5 in its 
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entirety is improved remarkably. 

[0282] It is preferable that these supporting layers 65, 67, 69, and 71, are formed of 
heat-resistant synthetic resin. It is preferable that heat-resistant synthetic resin is 
polyimide (PI) or polyamide imide (PAI). 

[0283] In addition, it is preferable that a baking temperature of the supporting layers 65, 
67, 69, and 71 is 150 - 300 degrees Celsius. In this temperature range, while a strength 
of the supporting layers can be sufficient, deterioration in the elastic layer 63 can be 
prevented. In addition, it is preferable that a total thickness of the supporting layers 65, 

67, 69, and 71 after baking is 50 - 200 jim. In this thickness range, while the supporting 
layer 4 maintains strength and abrasion durability and prevents lowering in flexibility, 
a thermal insulation property can be kept low. Accordingly, an energy-saving effect 
can be high. 

[0284] The laminate portion 72 is formed of the alternately laminated heating layers 66, 

68, 70 and the supporting layers 65, 67, 69, 71, in the fixing belts 5 of this 
embodiment. 

[0285] In this construction, the heating layers 66, 68, and 70 are inserted between the 
supporting layers 65, 67, 69, and 71, and their strengths are increased. Therefore, the 
heating layers 66, 68, and 70 can be protected from breakage. 

[0286] In the fixing belt 5 of this embodiment, the non-magnetic conductive metal is 
silver. 

[0287] Gold with a similar property is expensive. Copper tends to be easily oxidized or 
sulfurized. On the contrary, as in this construction, silver is not as costly, and offers 
stable properties. Therefore it is preferable. 

[0288] In the fixing belt 5 of this embodiment, the fluoropolymer is at least one 
selected from the group including tetrafluoroethylene polymer (PTFE), 
tetrafluoroethylene-perfluoroalkoxyethylene copolymer (PFA), and fluoridation 
ethylene propylene copolymer (PFEP). 
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[0289] In this construction, a toner-releasing characteristic is made preferable. 

[0290] In the fixing belt 5 of this embodiment, the supporting layers 65, 67, 69, and 71 

contain heat-resistant synthetic resin, and the heat-resistant synthetic resin is at least 

one selected from the group including polyimide (PI) and polyamide imide (PAI). 

[0291] In this construction, the supporting layers 65, 67, 69, and 71 with excellent 

strength, heat resistance, cost advantage, or the like can be obtained. 

[0292] In the fixing belt 5 of this embodiment, the heating layers 66, 68, 70 are 

provided in the laminate portion 72 as two to five heating layers. 

[0293] This construction is suitable for actual production. 

[0294] In the fixing belt 5 of this embodiment, a plurality of heating layers 66, 68, and 
70 have the same thickness. 

[0295] In this construction, a forming process of the heating layers 66, 68, and 70 can 
be achieved by performing the same process repeatedly. Ease in production and yields 
can be improved. 
[0296] (Embodiment 5) 

[0297] Hereinafter, a difference between a present embodiment and Embodiment 4 
will be described, and description of the same construction or process is omitted. 
[0298] In Embodiment 5, as shown in Fig. 14, a thickness of a first heating layer 66 
(e.g., tl = 13 (im) is smaller than a thickness of a second heating layers 68 and a third 
heating layer 70(e.g., t2 = t3 = 16 jxm). 

[0299] Accordingly, an electric resistance of the first heating layer 66, which is closest 
to the recording medium 9, is ever larger than that of Embodiment 4, and a heating 
efficiency of a fixing belt 5 can be improved. 

[0300] This can solve the following problems in producing a fixing belt 5. That is, 
polyimide (PI) or a polyamide imide (PAI) is used for a supporting layer. Each layer is 
applied and is baked. When the fixing belt 5 in its entirety is finally baked, a 
supporting layer undergoes an imide process, and solvent contained in the supporting 
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layer volatilizes. Therefore, the supporting layer contracts considerably. 
[0301] In addition, as an enlarged part in Fig. 15 shows, when a heating layer 82 is 
laminated between a supporting layer 80 and a supporting layer 81, the heating layer 
82 containing silver particles 83 hardly contracts, while the supporting layer 80 and the 
supporting layer 81 contract considerably. A difference in an amount of contraction 
causes an undulation as shown in Fig. 16. 

[0302] According to an observation of the inventors of the present invention, this 
undulation especially appears remarkably near a boundary between a laminate portion 
72 and a primer layer 64. Accordingly, in this embodiment, the first heating layer 66 
near this boundary is thinner as if the first heating layer 66 is formed of a material 
similar to the supporting layer, in order to reduce the undulation. 
[0303] (Embodiment 6) 

[0304] An image forming apparatus of Embodiment 6 has nearly the same construction 
as Embodiment 1 shown in Fig. 1. 

[0305] However, a heat roller fixing method is used for Embodiment 6, different from 
Embodiment 1. A fixing unit 19 is composed as shown in Fig. 17. A nip section 22 is 
formed between a magnetic roller 90 and a press roller 7. 

[0306] The magnetic roller 90 includes a roller body 91 similar to the magnetic roller 
39, and a combination layer 92 formed around a circumference of the roller body 91. 
[0307] Moreover, the combination layer 92 is formed by a method similar to that for 
the fixing belt 5 according to Embodiment 4 or Embodiment 5. Therefore, a heating 
efficiency of the magnetic roller 90 can be improved rather than a case of only a 
heating efficiency of roller body 91 being improved as in the case of Embodiments 5 
and 6. In addition, the combination layer 92 can be provided on the roller body 91 by 
either manner described below. 

[0308] (1) The combination layer 92 is provided as another member from the roller 
body 91, just like the fixing belt. (Forming in a cylindrical shape or making an 
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endless-shape from a belt is possible.) 

[0309] (2) The layers 61 to 71, as shown in Fig. 14, are directly formed to compose the 
combination layer 92 on a circumferential surface of the roller body 91 . 
[0310] Embodiments 4 through 6 have effects as follows. 

[0311] (1) The heating layers generate heat simultaneously, and a heating efficiency 
can be improved. Thickness unevenness in each heating layer can be cancelled by 
averaging. 

[0312] (2) Each heating layer is sandwiched between supporting layers, and the heating 
layer can be protected from breakage. 

[0313] (3) The heating layer is closer to a recording medium to be heated, and the 
recording medium can be heated efficiently. 

[0314] (4) Moreover, a magnetic roller in a heat roller fixing method also has the same 
effects. 

[0315] According to the present invention, unevenness of a baked supporting layer can 
be removed, and evenness of a belt can be improved, and pressure unevenness can be 
reduced, and recording quality can be improved. 

[0316] In addition, before a supporting layer undergoes an imide process, unevenness 
of the supporting layer is removed, and unevenness of elastic deformation of an elastic 
layer can be reduced. 

[0317] Additionally, wrinkles of a release layer can be suppressed by turning a belt 
inside out. For example, wrinkles of the release layer can be suppressed by turning a 
fixing belt inside out. 

[0318] Furthermore, according to the present invention, unevenness of a baked 
supporting layer can be removed, and evenness of a belt can be improved, and 
preferable image forming can be performed. A removal performance of toner adhering 
to a belt surface is improved. It is possible to obtain a belt with stable performance 
even if used repeatedly. 
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[0319] Furthermore, before a supporting layer undergoes an imide process reaction, 
unevenness of the supporting layer is removed, and elastic deformation of an elastic 
layer can be reduced. Thus, evenness of a belt can be improved further. 
[0320] Since a coefficient of linear thermal expansion of the release layer is larger than 
a coefficient of linear thermal expansion of the supporting layer, surface wrinkles of a 
turned-inside-out transferring belt in use is reduced. A flatter surface is obtained. 
[0321] Moreover, toner that remains on a surface of a belt can be more reliably 
removed by using a blade unit. 

[0322] A belt according to the present invention can be preferably used as a fixing belt 
or a transferring belt in an image forming apparatus, such as, for example, a color laser 
printer. 

[0323] In Embodiments 4, 5 and 6, a case where a magnetic roller is used has been 
explained. However, Embodiments 4, 5 and 6, can be applied to a case where a 
non-magnetic roller is used. 

[0324] In Embodiments 4, 5 and 6, a case where an elastic layer is provided between a 
release layer and a laminate portion has been explained. However, Embodiments 4, 5 
and 6, can be applied to a case where an elastic layer is not provided. 
[0325] Furthermore, as described in Embodiment 1, it is considerable to turn the fixing 
belt inside out, after forming in a reverse order a plurality of layers that constitute the 
fixing belt. Herein, when thickness of a heating layer is increased to obtain more 
quantity of the heating layer, the heating layer may crack when the fixing belt is turned 
inside out to manufacture the fixing belt. 

[0326] Thinking over this problem, in Embodiments 4, 5 and 6, the heating layer is 
divided into a plurality of heating layers, each of which is separated. Therefore, since 
each of the plurality of heating layers can be formed thin comparatively, cracking of 
the heating layer as a whole can be avoided even when the fixing belt is turned inside 
out. 



[0327] Having described preferred embodiments of the invention with reference to the 
accompanying drawings, it is to be understood that the invention is not limited to those 
precise embodiments, and that various changes and modifications may be effected 
therein by one skilled in the art without departing from the scope or spirit of the 
invention as defined in the appended claims. 
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